Introduction
The material of choice for making bases of partial or full denture have been acrylic resins due to some advantages, such as satisfactory dimensional stability and fracture resistance, easy handling and repair, better thermal conductivity and considerable color stability, which allow imitating natural gum [1] . The most of these materials is composed of the polymer mixture containing benzoyl peroxide and a monomer, typically methyl methacrylate. The polymerization reaction of the material occurs by rapid decomposition of the peroxide after having been activated; it releases a significant amount of free radicals, and polymerizing the monomer throughout the polymer blend [2] . Benzoyl peroxide can be activated by chemicals generally incorporated into the monomer by light or heat by means of microwaves, a hot water bath or dry heat in an oven. However, the conversion of monomer to polymer is not complete and the unreacted monomer that is called residual monomer [3, 4] . This monomer in contact with the mucosa, may act as an irritant or cause allergic reactions. The most common clinical signs and symptoms are redness, erosion in the oral mucosa, burning in the mucosa and tongue [5] . Histologically, it can be observed inflammatory infiltrate and increased keratin layer in the areas of mucosa in contact with the prosthesis.
In the case of heat-polymerized resins, the level of residual monomer decreases with the increasing curing time and increases with decreasing temperature [3, 6] . With respect to the curing cycles, it has been found that resins with rapid cycle releases higher levels of residual monomer [6] . Moreover, Jorge et al. [7] reported that long cycle acrylic resin Lucitone 550 reduced the number of viable cells compared to the short cycle, probably because it do
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Objective: The purpose of this study was to evaluate the effectiveness of complementary heat treatment and water storage in reducing cytotoxicity of acrylic resins denture bases used in Brazil by the MTT assay.
Material and Methods: First, nine specimens were fabricated from metal matrix in the form of discs with 14 mm in diameter and 1.2 mm of thick. Immediately after making, 24 or 48 hours after storage in distilled water, the samples of heat-polymerized resins were divided into 3 groups (n = 3) according to the type of thermal treatment: Group 1: samples were individually exposed to microwave energy (500 W for 3 minutes); Group 2: samples were immersed in water at 55 0 C for 60 minutes; Group 3: samples did not receive heat treatment. To prepare the extracts, 3 samples of each group were placed into vials containing 3 mL of culture medium and stored at 37°C for 24 hours. L929 cells were used and the MTT assay was performed to analyze the cellular metabolism. Two-factor analysis of variance was used to detect significant among groups at 5% significance.
http://scidoc.org/IJDOS.php not reach the glass transition temperature of the resin. In addition, when it is used this cycle in resins which do not have indication, the monomer levels can increase up to seven times when compared to a resin polymerized using long cycle (greater than 6 hours) [8] .
To avoid adverse reactions, as well as to decrease the amount of residual monomer, several authors have suggested soaking dentures in water before placing on the patient [9] [10] [11] . The use of microwave energy can be considered another type of treatment that could trigger further polymerization reaction [9, 12, 7, 10] . Thus, irradiation of microwaves and storage of dentures in water could be considered alternative methods for reducing the cytotoxicity of acrylic resins [9, 10] .
The resins for making foundations have shown varying degrees of cytotoxicity in vitro and allergic responses in vivo, probably due to unreacted components during the polymerization process or reaction of the byproducts. Studies have shown that potentially toxic substances originated from base resins include methyl methacrylate, formaldehyde, methacrylic acid, and benzoic acid [13] . These toxic components, widespread in aqueous media, may be able to act even in distant locations of the resin contact area [14] . Thus, large areas of mucosa can be exposed to toxic components over a long period of time [13] . The current acrylic resins also contain additives that have not been widely studied, so are likely responsible for hypersensitivity reactions [9] [10] [11] .
Some tests have been used to determine the cytotoxicity of materials such as MTT (methyl tetrazolium salt) test, which reflects the cellular metabolism through mitochondrial activity. With them it can be observed, through the cell culture method, proliferation or cell growth inhibition resulting from contact with cytotoxic substances.
Many studies have been conducted to test the cytotoxicity of acrylic resins for base and reline dentures [9] [10] [11] . However, such studies are based on imported resins rarely used in different laboratories prosthesis in Brazil. Based on this information, it was found advisable to evaluate the effectiveness of complementary heat treatments and storage in water on the cytotoxicity of denture acrylic base resins used in Brazil through the test that assesses mitochondrial activity of viable cells.
Material and Methods
Samples of each resin were fabricated under aseptic conditions from the metal matrix in the form of discs with 14 mm in diameter and 1.2 mm thick. Samples were produced according to the manufacturer's protocol. Lucitone 550 was processed for 90 min at 73°C and then in 100°C boiling water for 30 min (short cycle). Acrylic resin Wave Vipi was polymerized by microwave for 20 minutes at 20% potency, followed by 5 minutes at 60% potency in a domestic microwave maximum potency of 800W. The Onda Cryl resin was polymerized in 3 steps: 3 minutes at 40% potency, followed by 4 minutes of rest and 3 minutes at 90% potency, also in domestic microwave maximum output of 800W. The resin Clássico was polymerized for 9 hours at 74 o C. For polymerization of the Vipi Cril resin, the flask was placed in cold water until reach the temperature of 70°C. Then, the temperature was maintained for 30 minutes. After 30 minutes, the temperature was raised to 100°C and subsequently kept for one and half hour. The flask was then left in water at the temperature of 40°C for 20 minutes before starting the deflasking. After polymerization, excess flash from the processing was removed using a sterilized trimming bur. The samples of each acrylic resins were divided into groups (n = 3) according to the type of heat treatment and storage time that they were submitted:
Group 0: samples did not receive heat treatment and were not stored in water; Group 24: samples did not receive heat treatment and were stored in water for 24 hours (this procedure is recommended for the denture base acrylic resins); Group 48S: samples did not receive heat treatment and were stored in water for 48 hours; Group 48M: samples, individually, were exposed to microwave energy under power of 500W for 3 minutes, Group 48B: samples were immersed in water at 55 0 C for 60 minutes.
For each cytotoxicity performed test, three specimens of each experimental condition were intended. Thus, nine samples were prepared for each tested acrylic resin (n = 3). Prior to cytotoxicity tests, discs were ultrasonically cleansed in distilled water for 20 min and exposed to ultraviolet light for another 20 min to kill microorganisms that may have contaminated the discs during fabrication.
For the analysis of the cytotoxic effect of substances released from the samples, extracts were obtained of hydrosoluble substances of these samples [15] . For this, three samples from each experimental group were placed into vials with 3 ml of Eagle's medium, supplemented with 7.5% of fetal bovine serum and 80 μg/ml of gentamicin, and incubated at 37°C for 24 hours [15] . During this incubation period, the toxic substances probably were disseminated into the culture medium, thus forming the extracts which were used in MTT assay. A vial containing only 3 ml culture medium was stored under the same conditions, thereby serving as a negative control group.
Possible cytotoxic effects of the substances released from the resins were evaluated by cell culture method. Thus, mouse fibroblast cells (L929) were propagated in Eagle's minimum essential medium (Institute Adolfo Lutz, Sao Paulo, Brazil) supplemented with 80µg/ml of gentamicin and 7.5% v/v fetal bovine serum. The culture was maintained at 37 0 C in an atmosphere of 5% CO 2 /95% air.
For cytotoxicity analysis, MTT test was used. By this technique, the metiltetrazolium salt is incorporated into cell culture. The succinic dehydrogenase enzyme from viable cells breaks the structure of the tetrazolium salt to produce crystals of formazan in blue color, determining thereby the relative values of the intensity of blue color in specific spectrophotometer with a determinate wavelength. The greater mitochondrial activity, greater was the intensity of blue light and therefore, greater the number of viable cells. To perform the test, L929 mouse fibroblasts (1 x 10 4 cell/ml) in 100µl of the Eagle's medium were seeded into 96 well culture plates and incubated for 24 hours at 37 0 C in an air atmosphere containing 5% CO 2 . After this incubation period, the culture medium was discarded, the cells remained attached to the bottom plate and 50µl of fresh culture medium were placed in each well of the plate along with 50µl of the extract containing the substances released from specimens. The plate was incubated for 24 hours in 5% CO 2 at 37°C. Four wells of a 96 well culture plate were used for each experimental (analysis in quadruplicate). Four wells of the plate did not receive the extract of released http://scidoc.org/IJDOS.php substances and received only 100 µl of fresh culture medium supplemented with 7.5% fetal bovine serum and 80/ml gentamycin (negative control group). After 24 hours, 10µl of metiltetrazolium salt (MTT) was added to each well of the plate, which remained incubated for 4 hours at 37°C for the formation of formazan crystals, resulting from mitochondrial activity. Then, 100µl of MTT solubilizing solution were added to each well of the plate which was stirred gently until the dissolution the formazan crystals. Subsequently, the analysis of mitochondrial activity was performed on Multiscan spectrophotometer at a wavelength of 570 nm. All procedures were performed twice on different days. Thus, each experimental condition was left with an eight replicates.
Evaluation of cell viability was performed by analysis of variance of two factors. It was adopted a significance level of 5%. After statistical analysis, the materials were classified according to the cytotoxic effect: non-cytotoxic (cell viability above 75% in relation to control group), slightly cytotoxic (cell viability between 50 and 75% in relation to control group) moderately cytotoxic (cell viability between 25 and 50% in relation to control group) and strongly cytotoxic (cell viability below 25% in relation to control group). Table 1 presents the means and standard deviations of cells viability in percentages compared to the control group, according to the acrylic resins and experimental groups: (G0) without storage and without treatment; (G24) 24 hours of storage in water; (G48S) 48 hours of storage in water without heat treatment; (G48B) stored in water for 48 h with water bath treatment and (G48M) water storage with oven heat treatment.
Results
The analysis of variance showed no significant effect of the studied factors on cell viability. Table 2 presents the classification of resin compared to the control group. The means suggested that acrylic resins ranged from non-cytotoxic to moderately cytotoxic, but no statistical significance between these results. Furthermore, the water storage and thermal treatments reduced the cytotoxicity of the tested resins. In Figure 1 , the mean cell viability was plotted along with standard errors associated with them.
Discussion
Biocompatibility studies are needed to evaluate the biological behavior of different materials. Many studies have been conducted to test the cytotoxicity of denture base and reline acrylic resins [9-11, 16, 18] . However, these studies are based on imported resins, scarcely used in different prosthesis laboratories in Brazil. This study evaluated the cytotoxicity of denture base acrylic resins manufactured in Brazil. The effectiveness of additional thermal treatment and storage of water to reduce the cytotoxicity of these After statistical analysis, it was observed that there was no statistically significant difference between groups or between the studied acrylic resins. Although there was no statistically significant difference between the groups, it was observed that storage in water for 24 hours reduced the cytotoxicity of Lucitone 550 and Classic resins, which were ranked from slightly cytotoxic to noncytotoxic, and Vipi Wave, which was classified from moderately cytotoxic to slightly cytotoxic. After storage in water for 48 hours, there was a reduction of cytotoxicity of Vipi Cril and Wave CryI resins, which were classified from moderately cytotoxic to slightly and from slightly cytotoxic to non-cytotoxic, respectively. The reviewed literature indicated the importance of water storage to reduce the cytotoxicity of denture base acrylic resins. The storage of water can reduce the cytotoxicity of acrylic resins since much of the residual monomer found between the polymer chains can diffuse in water.
The heat treatments in water bath or microwave also reduced the cytotoxicity of some resins, although there was no statistically significant difference. The hot water bath decreased the cytotoxicity of Vipi Cril and Vipi Wave acrylic resins, which were ranked from slightly cytotoxic to non-cytotoxic and from moderately to slightly cytotoxic, respectively. Studies have found that, through immersion in warm water, the molecules of residual monomer diffusing quickly, reaching the remaining free radicals, providing additional polymerization reaction. Furthermore, during immersion in hot water, part of the monomer found between polymer chains, without being attached to them, diffuses in water66.
The microwave treatment decreased the cytotoxicity acrylic resin Vipi Wave, from moderately cytotoxic to non-cytotoxic. This reduction can be explained because the microwaves generate high frequency movements of the monomer molecules, causing an increase in internal heat and consequently higher conversion of monomer in polymer. Similar results were found by Jorge et al [10] , which conducted a study with the purpose of comparing the effects of heat treatments in microwave or in hot water bath on the cytotoxicity of three denture acrylic resins after storage of the samples. The results of this study showed that all resins were slightly cytotoxic even after storage and thermal treatments did not reduce the cytotoxicity of the materials evaluated.
The differences in behavior between all tested materials could be explained by the composition of each material, the proportion powder/liquid or by polymerization methods of each resin. Based on a literature review, Jorge et al. [6, 17, 19] , concluded that the cytotoxic effect of acrylic resins can be influenced from these factors.
The MTT assay was used based on different studies found in literature [3, 6, 7] . However, it is important to make the application of various tests for the cytotoxic effect analysis of the biomaterials or drug substances. According Miret et al [16] , the best way to assess the cytotoxicity of a compound is to employ a series of essays that focus on different aspects of cell death. Jorge et al. [9] , for instance, found in their study that the MTT assay was less sensitive than the incorporation of 3H-thymidine test, which detected a statistically significant difference between experimental groups and control test. Finally, new studies using other methodologies for analysis of cell viability in different parameters should be performed to complement these results.
Conclusion
Within the limitations of this in vitro study, it was concluded that there was no difference statistic among the evaluated groups and on the acrylic resins studied. The resins ranged from moderately cytotoxic to non-cytotoxic.The water storage and thermal treatments reduced the cytotoxicity of the acrylic denture base resins tested. Cell Viability (%)
